Background-The association between left ventricular hypertrophy, an independent predictor of cardiovascular (CV) morbidity and mortality, and CV risk factors has been well documented in childhood and in adulthood. However, information on the relationship between left ventricular mass (LVM) in adults and longitudinal measurements of CV risk factors from childhood to adulthood is limited. Methods and Results-LVM was obtained with 2D M-mode echocardiography in a community-based sample of 467 young adults (71% white and 29% black) aged 20 to 38 years who were examined an average of 6 times for CV risk factors from childhood to adulthood. The average follow-up period was 21.5 years. The cumulative burden of each risk factor was calculated as the area under the curve for each individual. Compared with whites, blacks had greater LVM (indexed to height 2.7 ; PϽ0.05). In multiple regression analyses, adiposity (measured as body mass index) in childhood, adiposity and systolic blood pressure in adulthood, and the cumulative burden of adiposity and systolic blood pressure from childhood to adulthood were significant predictors of LVM index in young adults. Conclusions-These observations, by showing that adiposity beginning in childhood is a consistent predictor of LVM in young adults, underscore the importance of obesity in the development of left ventricular hypertrophy and the need for early prevention. 
I
t is now well known that cardiovascular (CV) risk factors are identifiable in childhood and are predictive of adult CV risk. [1] [2] [3] [4] Longitudinal epidemiological studies have shown the utility of different traditional risk factors measured from childhood to adulthood in predicting subclinical CV changes in adults. [5] [6] [7] [8] [9] Among the subclinical measures, left ventricular mass (LVM) assessed by 2D M-mode echocardiography is recognized as an important and powerful predictor of CV morbidity and mortality, independent of other traditional risk factors. 10 -12 The association between LVM and CV risk factors has been well documented in childhood and in adulthood. [13] [14] [15] [16] [17] [18] Previously, we have shown that increased adiposity and blood pressure are the 2 major factors that lead to excessive cardiac growth beyond that of normal growth in children. 15 Similar findings were also observed in adults. 17 However, information linking childhood CV risk factor variables and their cumulative burden since childhood to LVM in young adults is lacking. Such information is vitally important for CV risk assessment beginning in youth. Longitudinal data from the Bogalusa Heart Study, a biracial (black-white) communitybased investigation of the natural history of CV disease beginning in childhood, 2, 3, 19 provide a unique opportunity to examine the influence of traditional CV risk factors measured from childhood to adulthood on LVM measured in young adults.
Methods

Study Population
Between 1973 and 1996, 7 cross-sectional surveys of children aged 4 to 17 years and 5 surveys of young adults aged 18 to 38 years who participated as children were conducted in the biracial (65% white, 35% black) community of Bogalusa, La. This panel design, which was based on repeated cross-sectional examinations conducted approximately every 3 to 4 years, resulted in multiple observations during childhood and young adulthood and allowed an evaluation of the cumulative burden of risk factor variables beginning in childhood. During the last 6 months of the 1995 to 1996 survey of young adults (nϭ1420), M-mode echocardiography examination was performed on 467 subjects (71% white, 39% male) aged 20 to 38 years (average age 32.6 years) who were previously examined 2 to 12 times (average 6 times) since childhood. Compared with the rest of the study cohort, those who had echocardiography measurements had similar race, gender, and risk factor profiles (Pϭ0.19 to 0.80), except that the latter group was 4 years older than the former (PϽ0.001). The average follow-up period was 21.5 years.
Written informed consent was obtained from parents or guardians in childhood and from the participants in adulthood. The Institutional Review Board of the Tulane University Health Sciences Center approved the protocol.
Examinations
All examinations followed essentially the same protocols. Subjects were instructed to fast for 12 hours before the screening, with compliance ascertained by interview on the morning of the examination. Height and weight were measured twice to within Ϯ0.1 cm and Ϯ0.1kg, respectively, and the average values were used to calculate body mass index (BMI; kg/m 2 ) as a measure of overall adiposity.
Replicate blood pressure measurements were obtained on the right arm of the subjects in a relaxed, sitting position. Arm measurements, length and circumference, were made during the examination to ensure proper cuff size. Systolic and diastolic blood pressure levels were recorded as the first, fourth (in children), and fifth (in adults) Korotkoff phases with mercury sphygmomanometers. Blood pressure levels were reported as the mean of 6 replicate readings taken by each of 2 randomly assigned and trained observers.
Laboratory Analysis
During 1973 to 1986, cholesterol and triglycerides levels were measured by the use of chemical procedures with a Technicon AutoAnalyzer II (Technicon Instrument Corp) according to the laboratory manual of the Lipid Research Clinics Program. 20 Since 1987, these variables were determined with the Abbott VP instrument (Abbott Laboratories) by enzymatic procedures. 21, 22 Both chemical and enzymatic procedures met the performance requirements of the Lipid Standardization Program of the Centers for Disease Control and Prevention (CDC), Atlanta, Ga, which routinely monitors the accuracy of measurements of total cholesterol, triglycerides, and HDL cholesterol concentrations. Measurements on CDCassigned quality control samples showed no consistent bias over time within or between surveys. Serum lipoprotein cholesterols were analyzed with a combination of heparin-calcium precipitation and agar-agarose gel electrophoresis procedures. 23 
Left Ventricular Mass
LVM was assessed by 2D M-mode echocardiography with 2.25-and 3.5-MHz transducers according to the American Society of Echocardiography recommendations. 24 Images were recorded on standard VHS videocassette tapes. All echocardiograms were digitized and measured on Tomtec/Freeland Cardiology Workstation digitizing systems (Tomtec/Freeland Systems). The coefficient of variation for interreader and intrareader variability for all measures of cardiac anatomy was Ͻ10%. LVM was calculated on the basis of the formula recommended by Devereux. 25 The index of LVM to height 2.7 (g/m 2.7 ) was used to adjust for body size.
Statistical Methods
All data analyses were performed with SAS version 8.2. A general linear model was used to examine the race and gender differences of risk factor variables and LVM index, adjusted for covariates where appropriate. Whenever race-gender interaction was present, separate models were used by race or gender. The area under the curve (AUC) of serial measurements of each risk factor was used as a measure of cumulative risk burden from childhood to adulthood; its computation has been described previously in detail. 8 Age was centered by subtracting 17.0, which was the average value of age in the total sample, to eliminate colinearity between the first-and second-order terms of age. Risk factors measured at the first and last examinations were used as childhood and adulthood values, respectively.
Pearson correlation coefficients were used to assess the relationships of LVM index to risk factors measured since childhood, with risk factors and LVM index standardized to race-, gender-, and age-specific z-scores; risk factor AUC values were standardized to race-, gender-, and average age-specific z-scores. LVM index and triglycerides were log-transformed before standardization. To explore the predictors of LVM index in young adults, multiple regression analysis was performed with LVM index as a dependent variable and risk factors measured since childhood as the independent variables, respectively, with all the variables standardized as described above.
Results
Mean values of risk factor variables measured from childhood to adulthood and LVM index in adulthood in the study cohort are shown in Table 1 , by race and gender. Blacks compared with whites showed higher levels of LVM index (PϽ0.05); this difference was more pronounced among females. With some exceptions in particular race, gender, and age groups, blacks had higher systolic blood pressure and HDL cholesterol and lower triglycerides than whites in general; males had higher systolic blood pressure, LDL cholesterol, and triglycerides and lower HDL cholesterol than females; and white males and black females had higher BMI than white females and black males, respectively. Table 2 shows correlation coefficients between LVM index and risk factor variables measured from childhood to adulthood. The LVM index in young adults correlated significantly, although moderately, with BMI and systolic blood pressure measured in childhood, adulthood, or as the cumulative burden since childhood. Table 3 shows results of multiple regression of LVM index on risk factor variables measured since childhood. Childhood BMI was the only independent predictor for adult LVM index. In adulthood, BMI and systolic blood pressure were independent correlates of LVM index. In terms of cumulative burden of risk factor variables since childhood, BMI and systolic blood pressure were independent predictors of LVM index. Thus, BMI was the most consistent predictor in all 3 models. A significant increasing trend in LVM index in young adults across BMI quartiles measured in childhood, adulthood, and as a cumulative burden since childhood further illustrates the consistency of this association (Figure) .
Discussion
The present study demonstrates that BMI measured in childhood and BMI and systolic blood pressure measured in adulthood and as cumulative burden since childhood are independent predictors of LVM in young adulthood. Of note, childhood adiposity and its persistence as indicated by the cumulative burden of BMI from childhood to adulthood were predictive of LVM in young adults. These observations from a community-based cohort free from the selection bias of a patient population indicate that childhood obesity plays an important role in the development of left ventricular hypertrophy in the general population.
Previous studies, including our own, have shown crosssectional associations between LVM and BMI in children and adolescence. [13] [14] [15] 18, 26 The contemporaneous BMI was also a major determinant of LVM index at the adult age in the present study, as has been shown previously. [27] [28] [29] In the present study, those who had higher levels of childhood adiposity had larger cardiac size 21 years later, and the cumulative burden of adiposity since childhood increased the risk of cardiac enlargement.
Obesity affects the cardiac muscle through multiple mechanisms. 30 Obesity alone can cause chronic volume overload and related greater cardiac output. 31, 32 Both hemodynamic and metabolic factors related to obesity can cause structurefunction changes of the myocardium that result in increased LVM. Furthermore, hypertension associated with obesity increases the work of the heart and stimulates cardiac growth. Obesity-related oxidative stress, inflammation, and activation of the renin-angiotensin system can induce cardiac remodeling with increased cardiac myocyte and connective tissue matrix accumulation. [33] [34] [35] The causality of the observed association between childhood adiposity and adulthood LVM cannot be established by this observational study. Persistence of adiposity over time plays a role in this regard. Among CV risk factors, childhood BMI was highly correlated with adulthood BMI over a 21-year period (rϭ0.54, PϽ0.001). Nevertheless, as mentioned previously, the association of obesity with LVM in childhood has been established cross-sectionally 13, 14 and, more importantly, longitudinally. 15 In the present study, systolic blood pressure, either in adulthood or as a cumulative burden from childhood, was also an independent predictor of adult LVM index. Subjects with higher systolic blood pressure in childhood tended to have higher levels of LVM in adulthood, although the association was marginal (Pϭ0.086) after adjustments for BMI and other covariates ( Table 3 ). The adverse effect of elevated blood pressure to increase LVM is well documented, both cross-sectionally and longitudinally, in childhood and in adulthood. [13] [14] [15] [16] [17] [18] 27, 28 Taken together, these data, along with intervention studies, 36, 37 indicate that obesity and elevated blood pressure are the 2 major determinants acting in concert to develop increased cardiac mass. The observed greater LVM in blacks than in whites has been documented in several studies [15] [16] [17] [18] 26, 28, 38, 39 ; however, the racial difference in LVM (Table 1 ) disappeared when further adjusted for BMI and systolic blood pressure (data not shown). Higher levels of blood pressure occur even in childhood in blacks, which can be detected with automatic instruments but are difficult to detect with indirect measurements by mercury sphygmomanometry. 40 Additionally, the developing greater adiposity in blacks, especially black females, compared with whites partly accounts for this blackwhite difference in LVM. Also, blacks likely carry a greater blood pressure load over a day due to a smaller decline in nocturnal blood pressure. 41, 42 In conclusion, adiposity beginning in childhood plays an important role in the development of left ventricular hypertrophy. Furthermore, adiposity and systolic blood pressure may act in concert in this regard. Information from the present study, along with other accumulating evidence showing that childhood risk factors persist over time and are predictive of CV risk in adulthood, underscores the importance of childhood risk factors in the evolution of CV risk. [5] [6] [7] [8] [9] Importantly, the reversibility of left ventricular hypertrophy by intervention 36, 37 indicates that early prevention and intervention will benefit those who are at increased CV risk beginning in childhood. With the continuing secular increases in overweight and obesity in epidemic proportion and parallel increases in blood pressure levels being noted in children, 43, 44 it becomes incumbent to begin prevention and intervention early in life to reduce or slow the progression of underlying changes occurring in the heart and vascular tree. 45 Race-, gender-, and age-specific z-scores were used for LVM index and risk factor variables.
Mean levels of LVM index (g/m 2.7 ) in young adults by quartile of BMI measured in childhood, adulthood, and as cumulative burden from childhood to adulthood. P values were adjusted for race, gender, and age. AUC indicates area under the curve divided by follow-up years. Race-, gender-, and age-specific z-scores were used for BMI levels.
